INTRODUCTION
Recent years brought about an increase in terrorist activities worldwide. Israel has been exposed to sporadic periods of terrorist activities for decades, with a noteworthy increase since September 29, 2000 . By the end of 2003, 6049 persons have been injured and over 904 killed due to terrorism acts in the country (1). Many of these attacks are explosion of suicide bombers resulting in mass casualty events. Mass casualty events are incidents in which the medical system is overwhelmed and the balance between resources and demands is destabilized (2). These latest terror attacks were characterized by a new bomb makeup -bombs that contain metal particles of various shapes that increase their wounding potential (3, 4) . The consequences are more severe injuries than encountered before, bringing up the possible need for updating protocols for evacuation, triage and hospital preparedness (5, 6). Furthermore, since injuries were different from previously encountered trauma, the pattern of demand for resources, and the medical proficiency necessary for treating new terror victims were different than before (6-12). Additionally, as mass casualty incidents became a frequent event, there was need to maintain continuous preparedness of emergency care services and trauma centers in the country in order to cope with them.
In the strive for better preparedness of hospitals and physicians to treat terror casualties, we aimed to learn as much as possible about the characteristics and epidemiology of this new disease.
BOMB EXPLOSIONS
The majority of recent terrorism related injuries were caused by two main mechanisms: gunshot and bomb explosion (13) , the latter often set off by suicide bombers in crowded and confined places. Injury initiated by terrorist bombings has been described in the literature spanning back for at least 20 years. These reports describe in detail the physical factors that are responsible for injury following an explosion (3, 15) . Other reports focus on the resulting injuries and the appropriate medical care (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . In 1998, Frykberg (24) wrote that the successful management of bomb explosion trauma requires an understanding of its natural history and epidemiology. Frykberg reviewed published experience with terrorist bombings and provided a critical analysis of these data for that cause. A more recent review (25) (26) (27) studied published evidence on explosion injuries from 1966 to 2002 based on data spanning up to 1999.
Recent terror attacks in Israel have two major different characteristics than previous terror attacks.
(1) New bomb compositions that contain nails, bolts, small metal balls and other shrapnel, and (2) The use of suicide bombers to detonate these bombs.
The new circumstances justify an updated documentation of terror related injuries, with special attention to bomb explosion victims. This review summarizes what we know to date on the epidemiology of casualties of the most recent form of terrorism against civilian populations. It also provides information relevant to the preparedness to treat these casualties and puts focus on the distinctiveness of these injuries, so that health care providers from around the world can benefit from our experience in treating these casual-ties, by means of knowing what to expect and preparing health systems accordingly. Apart from the literature, our report is based on data on terror casualties recorded in the Israeli National Trauma Registry during the past three years.
THE NATIONAL TRAUMA REGISTRY
The Israel National Trauma Registry records trauma hospitalizations, inpatient deaths and transfers from other hospitals at all level I trauma centers in the country (6 in total) and at four regional trauma centers. Data includes demographic information, injury diagnosis detail and severity indicators, treatments provided, hospital services utilization and outcomes. Data is recorded by medical registrars at each hospital into a designated computer system and transferred periodically to the Israeli National Center for Trauma and Emergency Medicine Research at the Gertner Institute, for quality assurance and statistical analysis. Data on trauma related hospital admissions are routinely recorded in the Israeli National Trauma Registry. This data, for the period between September 29 th , 2000 and December 31 st , 2003 was retrieved, reviewed and analyzed. Patients included in the registry are all trauma related hospital admissions at 10 hospitals, including all six level I trauma centers in the country. Transferred patients and those who died in the emergency department are included as well, while patients who were declared dead on arrival or those who died on the scene are excluded. Terror re-lated injuries were identified and selected as the study population. SAS software was used for statistical analysis which included Chi square tests, Wilcoxon sum of rank tests, t-tests and a logistic regression analysis to determine risk factors for inpatient mortality.
TERROR CASUALTIES VERSUS OTHER TRAUMA A total of 1789 patients were hospitalized at the 10 hospitals that take a part in the Israel National Trauma Registry between September 29 th , 2000 and December 31 st , 2003 due to injuries inflicted by terrorist acts (ICD-9-CM external cause of injury code E990-E998). Table 1 summarizes the character of terror casualties compared to non terror casualties. More than half of the terror casualties (54.8 percent) were young people, aged 15-29. This differs significantly from the age distribution of patients with other trauma that are usually either younger (29.9 percent aged 0-14) or older (24.0 percent above 60 years old).
Terror casualties suffered a much higher proportion of severe and critical injuries than other trauma types, had a higher hospitalization rate, were more often in shock on admission and underwent more surgical procedures in the operating room, most of them in the first few hours of attendance. They subsequently consumed more hospital resources, stayed longer in the hospital and in the ICU, and had worse outcomes. The median duration of hospital stay was 5 days (interquartile range 2-11 days) in terror patients and 3 days (interquartile range 1-7 days) in other trauma. The crude inpatient death rate was 6.4 percent of terror victims compared to only 1.9 in other trauma. All these differences were statistically significant. When controlling for severity, (looking at severe casualties only) and adjusting for age and sex; terror still increased the risk for dying by 2.3 (confidence interval 1.8-2.9).
The majority of terror casualties, 976 (54.6 percent) were injured by explosion. Additional mechanisms of injury included mostly gunshot wounds (n=671, 37.5 percent), and other mechanisms such as stabbings, intentional running over by vehicles and stone throwing (total n=142, 7.9 percent). These are diverse circumstances that have been previously encountered, treated and documented in the medical literature and thus, are not further described in this review (11, 28) . The emphasis will be on explosion victims because these are different from previously known blast injuries.
EXPLOSION CASUALTIES VERSUS OTHER TRAUMA
One of the important characteristics of explosion terror incidents is that they are mass casualty eventsthey affect a large number of people who are injured and killed simultaneously, and a very high percentage of them sustain multiple injuries, a fact that distinguishes them from the typical patient. Being ready to treat, manage and organize mass casualty events 24 hours a day, year round, is a heavy burden. The frequency in which this drill became reality in the past three years, wears out the forces. The most severe and fatal injuries occur in closed areas such as busses, (9,24,29,30,31) but even in halls or rooms, injury from explosion is more severe than previously known trauma types and affects a mass of people. In 32 explosion events in Israel between September 2000 and end June 2003, the number of casualties arriving at the hospital per event (excluding acute stress reaction patients) ranged between 5-81 per event, 25 percent of the events had more than 25 casualties. Five percent of the events included more than 56 casualties.
Based on a study conducted by Magen David Adom (Israel's EMS) there was an average of 45 patients per event (31) . MDA evacuate the casualties from each event to several hospitals to distribute, thus decrease the number of casualties per hospital . Nevertheless, the burden usually falls on the hospi-tals nearest to the MCI (7), consistent with studies following the Oklahoma City bombing (32) . Recent terror explosion victims suffer unique injuries caused by shrapnel and other objects penetrating the human body at high velocity. One major change of concept that took place to improve survival from this new injury type is in the use of imaging in the triage process (4, 13, 33) . Shrapnel, nails and bolts contained in bombs fly with great force and their penetration of the human body may result in tiny holes that could be hidden by hair, clothes etc. The patient may walk in, apparently well, yet at the same time, the penetrating object may threaten the patients life. In one case (4) the penetrating wound was inside the mouth, completely invisible and the nail nested in a 14 year old girls' brain. As a result, seemingly stable bombing casualties are reassessed for concealed life threatening injuries (5). [16] [17] [18] [19] [20] [21] [22] [23] [24] injuries. These proportions are significantly higher than in other trauma types (6.0 and 4.0 percent respectively) and higher than reported in incidents from past periods of increase in terror activity. Lynn et al describe terror events in Israel between 1994 and 1997 and report a 10 % rate of severe injuries (9).
Other characteristics separating bomb explosion injuries from non terror trauma include a higher proportion of low Glasgow Coma Score at the emergency department (a value of 3 is the worst score, indicating a poor level of consciousness), higher proportion of patients in shock and higher number of body regions injured. Injury natures also showed great variability as demonstrated in Fig. 2 . Proportionately less fractures were noted, yet more internal injuries, open wounds, burns, injuries to nerves and blood vessels.
Almost a third (31.2 %) of explosion patients were treated in the resuscitation bay (shock room), desig- Of which died in the ED All differences between the populations noted in this table were significant at the p<0.001 level ( χ 2 test) except for gender that was not significant and surgery that had a p=0.03 significance. . Significantly more patients were eventually hospitalized in general surgical wards and in the intensive care unit and less in pediatric wards as detailed by their first hospitalization department (Fig. 3) . The duration of hospital stay was longer than two weeks for 20.0 % of explosion victims and 8.4 % in other trauma. Median duration of stay was 5 days (interquartile range 2-12 days) in explosion and 3 days (interquartile range 1-7 days) in other trauma.
The overall crude in-hospital mortality rate was more than triple among explosion victims in comparison to other trauma ( Table 2 ). The majority of deaths occurred in severely injured patients. When controlling for severity, (looking at severe patients only) and adjusting for age and sex, the odds ratio of patients dying in an explosion is 2.3 (confidence interval 1.7-3.1). Among explosion patients, a larger proportion died in the emergency department in the first hours, or elsewhere during the first couple of days. Other trauma patients survived longer as demonstrated in Fig. 4 .
TERROR MASS CASUALTIES
Terror mass casualty incidents are not similar to previously encountered mass casualty disasters. They differ from natural disasters such as earthquakes or human initiated disasters such as civilian wars where thousands or hundreds of thousands may be injured and killed. They are not similar to frequent traffic mass casualty incidents where several or tens at most may be affected, the majority with blunt injuries. Terror related mass casualty incidents can cause severe and critical injury to tens or hundreds of victims, and in exceptional cases, casualty toll may rise to thousands. Terror injuries include blast injury, gunshot wounds, crush and other severe conditions that occur in an inconsistent pattern of frequency. Terror mass casualty incidents are different from other known disasters in their epidemiology -unique distributions of age, gender, mechanism, injury types and other characteristics (8, 34) .
Terror injuries present trauma systems with new demands for preparedness and medical care. The effort to prevent terror attacks from happening is the tedious and continuous task of other government agencies. For the epidemiologists, the task is to analyze the data on past terror injuries and to use this knowledge to improve both the readiness to treat and the medical treatment.
This review focuses on explosions, as explosions have caused the majority of terror related injuries in recent years. Past experience with explosion injuries was examined by Frykberg who produced a thorough report, serving as the most comprehensive account on the issue for years (24) . Recently, Arnold et al (25, 26) combined results of studies from 1966 to 2002 comparing and concluding that there are variations between different injury types. The report ends with 1999 data from London and does not cover the new type of suicide terrorist bombs that contain nuts and bolts and are detonated by a suicide bomber thus can "aim" for maximum damage through choice of time and exact location of explosion.
The trend of suicide bombers has been on the rise in past decades, yet it is not the suicide bomber that makes the big difference from previous known terror attacks, but rather the combination of the addition of metal contents to the explosives and the ability to control the place and time that makes these attacks so destructive.
Explosion injuries occur at unpredictable times and locations and create a sudden large number of casualties, many with life threatening injuries. New bomb compositions created new injury mechanisms that present a great challenge to the healthcare system (3, 5, 6, 13). These injuries cause multiple penetrating injuries (3, 35) in addition to known effects of explosions such as burns, displacement by mass movement of air and impact against rigid objects etc. (15, 17, 23 ) . Previous research (18) suggests that ISS can be used to measure the extent of the injuries. However, the excess risk to dying added by explosion, after controlling for severity, suggests that ISS is not sensitive enough to display differences between severe casualties, in patients injured in terrorist suicide bomb explosions.
Another mechanism as a result of the explosion was reported by Braverman et al (36) -the penetration of bone fragments due to the explosion of a human suicide bomber. This paper reports on a perpetrator who had hepatitis B and the bone fragments dispersed in the explosion were positive for HbsAG resulting in the need to carry out active immunization against hepatitis B for all injured patients in such attacks.
The high rate of critical injuries presented and the frequent injury to multiple body regions means that a large proportion of the patients are in need for immediate care. Providing immediate care for a large number of severely injured patients is a challenge, and bottlenecks are prone to occur (37) -at the imaging facilities at the operations theater and possibly in the ICU. Trauma registry data demonstrated that imaging procedures, treatment in the emergency department and first destination from the emergency department are significantly different in terror explosion mass casualty events than in other trauma, thus the staffing and organization should be adjusted accordingly to prevent bottlenecks from occurring and maintaining the ability to provide optimal care (6). Hirshberg et al tackled this issue in 1999 by creating and implementing a computer model of the emergency room and related facilities based on cumulated data from 12 urban terrorist bombings. The model predicted bottlenecks in shock rooms and CT (35) . Due to technological advancements enabling much quicker tomographies and increased availability of equipment, CT may not be a bottleneck in the future. In any case, the most important limitation found was surgeons.
The dissimilarity between explosion and other injuries in the nature of injury caused by explosion reflects on the distribution of first hospitalization department. The fact that there were less fractures and more internal injuries and open wounds imply reduced use of orthopedic wards and increased need for surgical beds. Excess proportions of nerve and blood vessel injuries pose a need for unique subspecialties to be on call and become available to treat once a mass casualty explosion terror event occurs (13) . While children were injured, these were mostly youth (aged 15-17) (38-39) thus they were usually treated by general surgeons and hospitalized in the general wards.
To acknowledge the limitations of this report, it is necessary to note that registry data does not contain information on casualties that die on the scene. With a focus on what hospitals need to be prepared for, such mortal injuries are beyond the scope of this review. Data available from the National Forensic institute (10, 40, 41) can fill these gaps.
CONCLUSION
New bomb composition changed patterns of injury type and injury severity in casualties of terrorism against a civil population. Casualties are younger, their injuries are more severe, and they involve multiple body regions and systems. Explosion casualties present in masses and use more hospital resources than other injury types. The severe form of injury of these patients presents a challenge for physicians and creates bottlenecks that are better prevented by planning ahead and optimizing evacuation and triage procedures. Heavy use of hospital resources will also have cost implications.
We hope that health care providers from around the world can use the information presented here to recognize what can be expected in such terror mass casualty incidents and prepare their health systems accordingly.
